ABSTRACT.--Yellow-rumped Warblers (Dendroica coronata) and Tree Swallows (Tachycineta bicolor) are among a small group of birds in temperate North America that regularly eat waxy fruits. During the autumn, winter, and spring, these species feed extensively on fruits of the bayberry (Myrica spp.). Covering the pulp of these fruits is a solid, waxy material consisting primarily of saturated long-chain fatty acids. For most animals, saturated fatty acids are poorly assimilated (< 50%). Using 3H-glycerol triether as a nonabsorbable fat marker, we determined that Yellow-rumped Warblers are capable of high assimilation efficiences (> 80%) of bayberry wax when fed berries recoated with radioactive wax tracers. Efficient fatty-acid assimilation extends to berries coated with cetyl palmitate, a common marine, saturated wax ester (> 90%). 
Fig. 1). Similar results have been documented in rats feeding on high-melting-point triglycerides (Clifford et al. 1986).
It may be that Yellow-rumped Warblers and Tree Swallows are able to successfully occupy northern regions in winter because they can assimilate efficiently the high-melting-point fatty acids in bayberry wax that few fruit-eating animals can digest. To investigate the capacity of Yellow-rumped Warblers and Tree Swallows to assimilate waxy coatings on bayberries, we removed the natural wax from bayberries and recoated them with radioactively labeled lipids.
We included bayberry wax in our coatings, as well as two other naturally-occurring solid waxes known to be eaten by birds--cetyl palmitate and myrcin--the alcohol-insoluble fraction of beeswax. Wax esters, like cetyl palmitate, are major food sources for high-latitude marine animals, especially pelagic seabirds (Roby et al.
1986, Place and Roby 1986, Jackson and Place 1990), and myrcin is consumed and digested by Black-throated Honeyguides (Indicator indicator;
Diamond and Place 1988). We also measured the rate of bayberry-fruit consumption of captive Yellow-rumped Warblers with fruits available ad libitum to assess whether fruit handling might limit ingestion rates. Finally, we characterized in Yellow-rumped Warblers the biliary and pancreatic components known to be essential for efficient lipid assimilation in other species (Carey et al. 1983 ). Bayberry fruit structure was examined with and without the wax coating with an Hitachi S-450A scanning electron microscope using an accelerating voltage of 10 KV.
IV[ATERIALS AND METHODS

Study
Feeding studies.--Twelve Yellow-rumped Warblers were included in the feeding trials with recoated radioactively-labeled bayberries. Five were spring-captured birds (three males and two females), and seven After ingestion, each bird was placed on a polyethylene-mesh (•A") platform suspended in an air-tight 7.6-L (2-gallon) Bain Marie polyethylene container (Cole-Palmer). We pumped CO2-free air through the containers with aquarium pumps attached to sodalime (indicator grade) scrubbers. The flow rate of air through the containers was adjusted to 1 L min •. Containers were kept in the dark and maintained at 21 _+ 3øC. Respired carbon dioxide was collected by passing the air effluent from each container through NCS (Amersham Corp.) solubilizer (CO2-trapping efficiency was 88%; Place and Roby 1986). Respired CO2 was collected in 15-min intervals for up to 4 h postingestion. It is especially important with lipid-absorption studies that some measure of metabolism be taken. Lipids can be stored and not utilized. After 3 to 4 h, Yellow-rumped Warblers were killed with an overdose of sodium pentobarbital, or were killed by CO2 asphyxiation. Accumulated excreta in each container were extracted for lipids by the Bligh and Dyer (1959) To assay biliary lipids, an aliquot of the bile was spotted on pre-extracted (three times with chloroform:methanol 1:1) and preweighed 3-MM chromatography filter paper. After drying at room temperature for 4 h, the paper was extracted with 5 ml of chloroform: methanol ( The solvent was removed with nitrogen evaporation and the purified triether dissolved in absolute alcohol to a specific activity of lmCi/ml. Statistical analysis.--Results are expressed as oe +-SE, with n being the number of birds. Comparisons that involve percentages were performed on arcsin-transformed data. We used paired t-tests or Mann-Whitney U-tests for all simple comparisons. All comparisons within each ANOVA were a priori. When more than two contrasts were made, probability levels were adjusted by Duncan's new multiple-range test (Steel and Torrie 1960) . Differences were considered significant when P -< 0.05.
RESULTS
Bayberry fruit characterization.--The mean diameter of M. pennsylvanica fruits used in our study was 3.2 + 0.05 mm (n = 40). Each bayberry averaged 20 + 0.8 mg (n = 40) and contained 4.5 + 0.2 mg of wax (n = 40). The wax coats the outside layer of the fruit (exocarp) and can be removed by organic solvents without disrupting the fruit structure (Fig. 2) . The base of each bracteole is loosely attached to the seed and is easily removed by rubbing the fruit.
The waxy coat on a bayberry has an energy density of 39.3 KJ/g as determined by microbomb calorimetry. The wax from the bayberry consisted of mixed mono-and diglycerides of three saturated fatty acids--myristic (14%), pal- The fatty-alcohol moiety of the marine wax ester was poorly assimilated and metabolized by Yellow-rumped Warblers, despite nearly (> 95%) complete hydrolysis of the wax ester in the intestinal lumen. Palmitate, whether as a free fatty acid or as the fatty-acid moiety in a cetyl palmitate, was absorbed with an efficiency of greater than 88%. When esterified to the 30-carbon-long fatty alcohol, triacontanol, the efficiency was reduced to less than 60% and labeled palmitate appeared to reside in the intestinal lumen longer (Fig. 4) . However, assimilation of the 16-carbon-length fatty alcohol, hexadecanol (cetyl alcohol), was less than 40%.
Overall, we accounted for 96 + 8.2% of the ingested C-14 tracer in our feeding trials.
No statistically significant differences in excreta 3H-GTE recovery (F = 1.19, df = 3 and 11, P--0.372) or in total 3H-GTE recovery (F = 0.623, df = 3 and 11, P = 0.62) were observed among feeding trials. The overall recovery of the •H-GTE was 104 + 6.3% (n = 12), and greater than was impossible to recoat each berry with an identical quantity of the 3H-GTE marker, the percent recovery is based on the average GTE found with 10 randomly selected recoated bayberries.
Although we did not set out to measure mean retention time directly in our feeding trials, an estimate can be made from the 3H-GTE marker recovery (Table 1) Luminal bile-salt concentrations and distributions of intestinal markers and labels.--The elevated level of bile salts in the gall bladder was reflected in high levels of bile salts in the proximal half of the intestinal lumen (Fig. 5A) . After segment 8, the luminal levels dropped below our detection limit. Levels of bile salts approaching 50 mM were found in the gizzard, nearly two segments orad to the biliary and pancreatic ducts. After 4 h postingestion, less than 2% of either label was found in each segment of the intestinal lumen (Fig. 5B) . Less than 0.1% of the 3H-GTE marker was recovered from each segment of the intestinal tissue (Fig. 5C) Thus, gastric emptying in these birds is closely tied to the receptiveness of the duodenum for additional digesta, and the reflux returns the digesta (both gastric and duodenal) for further processing in the gizzard. In the process, duodenal products like monoglycerides and fatty acids are refluxed to the gizzard along with biliary (bile salts, phospholipids, and triglycerides) and pancreatic products (lipases). Gastric production of lipid emulsifiers is not found in birds; instead, products of normal intestinal lipolysis are refluxed to a highly efficient emulsification mill, the gizzard. The fact that wax esters are hydrolyzed eight times more slowly than triglycerides and pancreatic extracts of Yellow-rumped Warblers may explain the slower rates of metabolism of triacontanol palmitate. However, the fact that the fatty-acid moiety in cetyl palmitate is metabolized as rapidly as the free fatty acid (Fig. 2 
